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Abstract We have measured the reflectivity infrared (IR)
spectra of R1−xCaxMnO3 (R = La, Pr) manganite thin
films grown on different substrates (SrTiO3 (STO), LaAlO3
(LAO) and SrLaGaO4 (SLGO)) manganites over a wide fre-
quency (50–5000 cm−1) range. In the Far IR (FIR) region
the substrates dominate over the manganite spectrum. How-
ever, the previously observed infrared active modes or mode
pairs could be identified. In the mid-IR (MIR) region, a char-
acteristic insulating gap at ∼700 cm−1 is always present for
all thin film studied, which shows substrate and thickness
dependence.
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1 Introduction
Rare-earth manganites (R1−xAxMnO3, R: a trivalent rare-
earth ion; A: a divalent alkaline-earth ion) [1] attracted the
scientific interest mainly due to their colossal magnetoresis-
tance (CMR) effect [2]. Apart from their possible applica-
tions, manganites have been investigated extensively due to
the complex physics involved [3, 4] and the rich phase dia-
gram with many competing order parameters [5].
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La1−xCaxMnO3 is a characteristic example with the
LaMnO3 as parent compound, which belongs to the fam-
ily of rotationally distorted perovskites [6] and is an antifer-
romagnetic (AF) insulator. The bulk compound at the phase
boundary with x = 0.5 is a paramagnetic (PM) insulator and
undergoes first a ferromagnetic (FM) transition and then a
simultaneous AF and charge ordering (CO) transition at low
temperature (Tc = 225–265 K and TN = 130–160 K) [7].
Pr1−xCaxMnO3 (PCMO) is another CMR compound
with a rich phase diagram and a more distorted structure. At
zero applied magnetic field it remains insulating for all Ca
doping, while an antiferromagnetic (AF) to ferromagnetic
(FM) metallic phase transition can be induced by the ap-
plication of a magnetic field [8]. The charge ordering (CO)
phase occurs at the doping range 0.3 < x < 0.7. As the tem-
perature range in which the CMR effect and the metal-to-
insulator transition (MIT) are observed is close to room tem-
perature (RT), these compounds are potential candidates for
technical applications.
The phonon excitation spectrum has been studied in
detail for the undoped LaMnO3 [9, 10], which has be-
low ∼750 K the Jahn–Teller (JT) distorted orthorhombic
(Pnma) structure. A theoretical analysis of the complete set
of phonon modes in the doped compounds is still missing.
In this paper, we present reflectivity IR results of
La0.5Ca0.5MnO3 (LCMO) and PCMO (0.4 < x < 0.6) thin
films grown on different substrates that induce high in-plane
compressive or tensile strains.
2 Experimental Details
We have studied PrxCa1−xMnO3 thin films grown in situ,
using Pulsed Laser Deposition (PLD) on SrTiO3 (STO) and
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Fig. 1 The frequency-
dependent reflectivity of LCMO
at RT for different substrates in
the a FIR and b MIR regions
LaAlO3 (LAO) substrates (PCMO/STO and PCMO/LAO
respectively). The LCMO films were deposited on (001)
SrLaGaO4 (SLGO), (111) and (100) oriented planar SrTiO3
(STO) single crystal substrates by the PLD technique.
A more detailed presentation of the growth procedure is
described elsewhere [11, 12]. X-ray diffraction studies
have shown that the films were single-crystal type and
homogeneous as detected by transmission electron mi-
croscopy (TEM).
The Fourier transform IR (FTIR) spectra were recorded
on a Bruker Optic IFS66v/S interferometer equipped with
a reflectance unit. The spectra were collected with 2 cm−1
resolution, by averaging over a hundred of interferograms
per spectrum.
3 Results and Discussion
Since LCMO and PCMO have the same Pnma structure
with an orthorhombic unit cell containing four cubic units,
25 modes should be visible in the FIR spectra for both
compounds. Approximately, the phonon spectra of mangan-
ites can be separated into external (∼185 cm−1), bending
(∼350 cm−1), and stretching (∼550 cm−1) modes with re-
spect to cubic (Pm3m) symmetry [13]. Depending on the
ion size and doping concentration, these triply degenerate
modes split into pairs of non-degenerate (A) and doubly de-
generate (E) modes, and, moreover, they become broader
and overlap [14]. Furthermore, due to the larger unit cell,
additional modes emerge.
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Fig. 2 The frequency-
dependent reflectivity of PCMO
at RT for different substrates in
the a FIR and b MIR regions
The reflectivity of LCMO is presented in Fig. 1 in the
insulating PM (RT) phase. The substrates contribute con-
siderably in the FIR region but little in MIR. As a result,
we could not observe the Au/Eu doublet modes with TO
frequencies at about 144/166 cm−1, which correspond to
the vibrations of the La ions against the MnO6 octahedra
along the z- and y(x)-axes, respectively. The next doublet
of A2u and E2u modes represents bond bending O–Mn–
O vibrations and is expected to appear at the frequencies
∼340/375 cm−1. This doublet is better observed for the thin
film grown on STO(100) and STO(111), while they appear
very weak and/or obscured by the SLGO substrate in the
case of LCMO/SLGO thin films. Two strong bands appear
at the ∼500–700 cm−1 region where the JT F1u stretching
mode is expected. The splitting of the F1u stretching mode
to two Au and Eu modes has been also observed by others
and has been attributed to the JT distortion, which induces
different Mn–O lengths [13, 15]. The spectral resolution of
phononic excitations in the films is superior to that in bulk
LCMO samples and this is the reason we can resolve the
stretching mode doublets in the Pnma symmetry. This has
been already observed by Hartinger et al. [13] in the IR spec-
tra of LCMO thin films comparing to polycrystalline spectra
[16]; only three broad modes have been detected in the poly-
crystalline sample while the degeneracy has been removed
in thin films.
In Fig. 1(b) a typical insulating behavior is observed with
an energy gap of about 680 cm−1. This was expected as
all thin films are PM insulators at RT, as found by mag-
netization measurements. The energy and the shape of the
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Fig. 3 The thickness-dependent
reflectivity of LCMO/STO(100)
at RT in the FIR and MIR
regions
Fig. 4 The thickness-dependent
reflectivity of LCMO/SLGO at
RT in the FIR and MIR regions
broad feature related with the insulating gap are affected
by the different substrates. Finally, the reflectivity spectra
of LCMO/STO(100) and LCMO/STO(111) are essentially
identical, apart from a difference in the relative value.
The reflectivity of PCMO is presented in Fig. 2. These
films are also PM insulators at RT, and since PCMO and
LCMO have the same structure, we do not expect to see
major differences. Indeed, the overall distinction between
the reflectivity spectra of LCMO and PCMO is negligible
(Figs. 1 and 2). One important difference is that, in the case
of PCMO (x = 0.5 and x = 0.6), the first doublet could be
observed developed on the substrate spectrum in contrast
with all other thin films. The most significant phonon dif-
ference concerns the stretching F1u and the two Au and Eu
modes (Fig. 2(a)). These peaks appear at different frequen-
cies, probably due to the different substrate strains and/or
the orientations of the films.
The reflectivity of the MIR region is also affected by the
different substrates and concentrations (Fig. 2(b)). Not only
the frequency of the insulating gap changes but also a sec-
ond broad band appears for x = 0.4 centered at higher fre-
quencies. Both peaks are strongly affected by the different
substrates and temperature [17]. As already mentioned, sev-
eral studies have shown that the PCMO thin films are phase-
separated with FM clusters competing with the AF/CO in-
sulating ones. In addition, a recent resistivity study under
the combination of pressure and magnetic field has shown
that there are more than one insulating phases in the thin
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films [18]; an FM insulating phase, which mainly couples
with the magnetic field, and an AF/CO one, which is sup-
pressed by pressure. Therefore the two MIR broad bands
could be attributed to those two phases.
In Figs. 3 and 4 we compare the effect of thickness on
the reflectivity spectra. Since thickness is also regarded as an
important factor for manipulating the properties of the films
[12], differences should be expected in the MIR band if this
is related with the presence of several phases (and gaps). In-
deed, in all samples the intensity, the shape, and the charac-
teristic energy of the insulating gap is affected by the thick-
ness (Fig. 3, LCMO/STO(100) and Fig. 4, LCMO/SLGO)
confirming the above assumption. The phonons in the FIR
region are affected only in intensity; for the thicker films,
the film contributes more in the film-substrate spectrum.
In conclusion, we have investigated the substrate depen-
dence of the insulating MIR gap and the behavior of the
IR phonons at room temperature. Our results indicate that
the different substrates induce changes in the microscopic
phases and in some cases in the structure of the thin films
due to the different kind of strains. Although we did not ob-
tain the optical conductivity from the Kramers-Kronig (KK)
analysis due to the strong contribution by the substrate (sub-
strate correction will be done in future work), thin films
proved to be superior for the analysis of the phononic [13]
and MIR spectra in the metallic manganites [19].
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